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(54) Monoazo metal compound, composition thereof, charge conUoi agent, toner and powdery 
paint 

(57) Monoazo metal compound of formula [I] which is excellent in charge control or charge-enhancing property, and 
toner for developing electrostatic images arxJ powdery paint for electrostatic painting incorporating thereof: 



D3(Met)2 



D is a ligard based on a monoazo compound of formula [IQ or [III], Met is a metal atom, and the 3 molecules of D are 
coordinated to the 2 atoms of Met. 



[II] 




OH ho" 



R22 R2, R28 

< R"-^-N = N-^-R^^ •••.[III] 

8 R^^^OH HO^-" 
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R^-R^°. and R^^-R^^ is H. halogen, nitro, alkyi or haloalkyi, aryl, aralkyl. -S02N(R^^)2 (R^^ is H. alkyi, aryl. aralkyl. - 
N(R^^)2 (R^2 is H, lower alkyi. aryl. aralkyl. acyl), •CONH(R^3) (R^^ is H. a lower alkyi. aryl. aralkyl): 2 or more of R^- 
R^° and/or R^^-R^s may bind together to form an aromatic or aliphatic ring. 
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Description 



The present invention relates to a monoazo metal compound, a composition comprising a monoazo metal com- 
pound, a toner for developing electrostatic images, a charge control agent for controlling or stabilizing the amount of 
5 charges of sakJ toner, a powdery paint for electrostatic painting and a charge enhancer for enhancing the charge of said 
powdery paint. 

In copying machines, printers and other instruments based on electrophotography, various toners containing a 
coloring agent, a fixing resin and other substances are used to visualize the electrostatic latent image formed on the 
photoreceptor having a light-sensitive layer containing an inorganic or organic photoconductive substance. 
10 Toner chargeability is a key factor in electrostatic latent image-developing systems. Thus, to appropriately control 
or stabilize the amount of toner charge, a charge control agent providing a positive or negative charge is often added 
to the toner. 

Of the conventional charge control agents in actual application, those providing a positive charge for a toner include 
basic dyes such as nigrosine dyes and triarylmethane dyes, and quaternary ammonium salts, i.e. electron donors. 
15 Charge control agents providing a negative charge for a toner include 2:1 type metal complexes of azo dyes arxJ metal 
complexes of aromatic hydroxycarboxylic acids such as alkylsalicylic acids. 

However, most metal complexes of azo dye structure used as charge control agents are usually unstable; for exam- 
ple, they are likely to be decomposed or deteriorated to lose their expected charge control capability when exposed to 
mechanical friction or inrpact. temperature or humidity changes, electric impact, light irradiation, etc. Also, even such 
20 metal corrplexes possessing a practically applicable charge providing property are often problematic as to charge sta- 
bility or often contain inpurrty chemicals lacking charge control effect due to differences in production method etc., pos- 
ing many problems regarding quality stability, reliability and other aspects. 

Also, to improve paint adhesion efficiency in electrostatic powder painting, there have been attempts to apply 
charg control agents that have traditionally been used to control or enhance the charge of toners for developing elec- 
ts trostatic images. 

Such attempts include an electrostatic powdery paint containing a resin polymer of an azine dye [Japanese Patent 
Unexamined Publication No. 67563/1985], a resin powder composition for electrostatic painting containing a charge 
enhancer like a metal-containing complex salt compound (Japanese Patent Unexamined Publication No. 75077/1988), 
and a powdery paint conposition containing a quaternary ammonium salt as a charge control agerrt or charge 
30 enhancer (Japanese Patent Unexamined Publication No. 212563/1990). 

However, these electrostatic powdery paints remain to be further improved in terms of environmental stability and 
heat resistance and durability under high-temperature conditions during powder painting. 

Among charge control agents or charge enhancers capable of resolving these problems are the metal complex salt 
compourxJs of monoazo dyes, having the following structures: 

35 



40 



45 



SO 




/) CONH-<Q> 



Cr 



55 



wherein A represents H, an alkali metal, an amine or the like. 

Such chromium complex salt dyes are what is called 2:1 type azo-metal complex salt dyes wherein 2 molecules of 
a monoazo dye are coordinated to 1 trivalent chromium atom, and remain to be further improved as to chargeability sta- 
bility and reliability 
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The object of the present invention is to provide a metal compound of new chemical structure excellent in charge 
control or charge-enhancing property, heat resistance and light fastness; a charge control agent or charge enhancer 
that contains said metal compound as an active ingredient, that is good in dispersibility in resin and excellent in envi- 
ronmental resistance (stability of charge control or charge-enhancing property to changes in temperature or humidity). 
5 storage stability (stability over time of charge control or charge-enhancing property) and durability (charge control or 
charge-enhancing property stability in frequently r^eated use), and that does not affect toner fixability or offset prop- 
erty when used in toners; and a toner for developing electrostatic images and powdery paint for electrostatic painting of 
stable quality and high reliability. 

A morx)azo metal compound of the present invention, wherein 3 molecules of a monoazo compound having 2 met- 
ro allizable - OH groups represented by formula [11] or [IIIJ below are coordinated to 2 metal atoms (f^et), is represented 
by the formula: 

D3(Met)2 [1] 
15 wherein D represents a ligarKl based on a monoazo compound. 



20 



[II] 



25 

Wherein R\ R^. r3, r5, rs r7 pS pio independently represent a hydrogen, a halogen, a nitro group, an 

alky! or haloalkyi group having 1 to 20 cartx>n atoms, an aryl group having or not having nuclear substitution, an aralkyl 
group having or not having nuclear substitution. -S02N(R'*^)2 (Each of the two R^^ groups represents a hydrogen, a 

30 lower alKyl group, an aryl group having or not having nuclear substitution, or an aralkyl group having or not having 
nudear substitution. The two R^^ groups may be identical or not.). (Each of the two R^^ groups represent a 

hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an aralkyl group having or not 
having nuclear substitution, or an acyl group. The two R^^ groups may be identical or not.), or • CONH(R^^) (R^^ rep- 
resents a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyl group hav- 

35 ing or not having nuclear substitution): 2 or more of R"* through R^° may bind together to form an aromatic or aliphatic 
ring. 



R22 PJ2, p28 

40 V-(^ V--^ 



45 



R^'^ ""oh ho 



wherein r2\ r22^ r23^ |=|24^ pj25 p26 p27 r28 independently represent a hydrogen, a halogen, a nitro group, an 
alkyl or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an aralkyl 
group having or not having nuclear substitution. -S02N(R2S)2 (Each of the two R^^ groups represent a hydrogen, a 
lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyl group having or not having 

so nuclear substitution. The two.R^^ groups may be identical or not.), -N(r2<^)2 (Each of the two R^^ groups represent a 
hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an aralkyl group having or not 
having nuclear substitution, or an acyl group. The two R^° groups may be identical or not.), or - CONH(R^^) (R'^^ rep- 
resents a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyl group hav- 
ing or not having nuclear substitution): 2 or more of R^^ through R^^ may bind together to form an aromatic or aliphatic 

55 ring. 

Another monoazo metal compound of the present invention, wherein 6 molecules of a monoazo compound having 
2 metallizable -OH groups represented by formula [IIJ or [III] above are coordinated to 4 metal atoms (Met), is repre- 
sented by the formula: 
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D6(Met)4 



[IV] 



wherein D represents a ligand based on a monoazo compound. 

A conposition of the present invention comprises 2 or 3 monoazo metal conpounds selected from the group con- 
5 sisting of monoazo metal connpounds represented by formula [VI] below, monoazo metal compounds represented by 
formula |VII] below, and monoazo metal compounds represented by formula [VIII] below. 



10 



15 



R' R'^ ^ 
R'-<C)-N = N-<C^R^ 
.0 



2Met 



••[VI] 



20 



25 




J 



4Met [VII] 



30 



35 




N = N 



Met 



[VIII] 



40 In famulas [VI]. [VII] and [VIM], through have the same definitions as those given above: 2 or more of 
through may bind together to fonm an aromatic or aliphatic ring. 
In formula [VIII], A* represents a cation. 

Another composition of the present invention conprises 2 or 3 monoazo metal compounds selected from the group 
consisting of monoazo metal compounds represented by formula [IX] below, monoazo metal compounds represented 
45 by formula [X] below, and monoazo metal compounds represented by formula [XI] below. 



50 
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5 



10 



IS 




•A* .•.•[XI] 



30 

In formulas [IX], [X] and [XI]. R^^ through R^^ have the same definitions as those given above; 2 or more of R^^ 
through R^^ may bind together to form an aromatic or aliphatic ring. 
In formula [XI]. A* represents a cation. 
35 The charge control agent of the present invention, which Is a charge control agent for controlling or stabilizing the 
chargeability of a toner for developing electrostatic images, contains an above-described nrjonoazo metal compound of 
the present invention or an above-desaibed composition of the present invention as an active ingredient. 

The toner of the present invention for developing electrostatic images comprises an above-descrit>ed monoazo 
metal conpound of the present invention or an above-described composition of the present invention as a charge con- 
40 trol agent, a coloring agent and a resin. The toner may comprise a single monoazo metal compound of the present 
invention or a plurality of monoazo metal compounds of the present invention. 

The charge enhancer of the present invention, which is a charge enhancer for controlling or enhancing the amount 
of charges of a powdery paint for electrostatic painting, contains an above-described monoazo metal compound of the 
present invention or an above-described composition of the present invention as an active ingredient. 
45 Also, the powdery paint of the present invention for electrostatic painting comprises an above-described monoazo 
metal compound of the present invention or an above-described composition of the present invention as a charge 
enhancer and a resin. 

The monoazo metal compounds of the present invention and the compositions comprising them are excellent in 
heat resistance and light fastness because of their chemical binding property. 

so The charge control agent and charge enhancer containing a monoazo metal compound of the present invention as 
an active ingredient, and the charge control agent and charge enhancer containing a composition comprising a 
monoazo metal compound of the present invention as an active ingredient are good in dispersibility in resin and excel- 
lerrt in chargeability controlling or stabilizing property or charge amount controlling or enhancing property, environmen- 
tal resistance, storage stability and durability and do not affect toner f ixability or offset property when used in toners. 

55 Containing an above-described monoazo metal compound of the present invention or an above-described compo- 
sition of the present invention as a charge control agent, the toner of the present invention for developing electrostatic 
images is excellent in chargeability. environmental resistance, storage stability and durability, good in fixability and off- 
set property, capable of forming toner images of high quality, and highly reliable in terms of product quality stability. 
Containing an above-described nnonoazo metal compound of the present invention or an above-desaibed compo- 
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sition of the present invention as a charge enhancer, the powdery paint of the present invention for electrostatic painting 
is excellent in chargeability, environmental resistance, storage stability, durability and painting adhesion efficiency, 
capable of forming a paint film of high quality, and highly reliable in terms of product quality stability. 

The monoazo metal compound represented by formula [VI] or (IX] is identical to the monoazo metal compound rep- 
resented by formula [1] (D3(Met)2); the monoazo metal compound represented by formula [VII] or [X] is identical to the 
monoazo metal compound represented by fonnula [IV] (Dg(Met)4). The monoazo metal conrpound represented by for- 
mula [VIII] or [XI] is identical to the monoazo metal compound represented by the formula: 

[D2(Met)]--A* [XII] 

wherein D represents a ligand based on a monoazo compound; A* represents a cation. 

With respect to the above-described monoazo metal compounds, the metal atom (Met) is exemplrf ied by trivalent 
atoms of metals such as chromium, iron and aluminum, and cobalt and nickel, with preference given to trivalent cfiro- 
mium. trivalent iron, and trivalent aluminum. 

With respect to the above-described nx)noazo metal compounds, the substituenls througfi R^^ and R^^ through 
R^® are exemplified by: 
hydrogen [H]; 

halogens such as CI, Br. I and F; 
nitro groups; 

alkyi groups having 1 to 20 carbon atoms or haloalkyi groups having 1 to 20 cart>on atoms, such as methyl, ethyl, n- 
propyl, isopropyl. n-butyl. isobutyl. sec-butyl, tert-butyl. n-octyl. tert-octyl, 2-ethylhexyl. n-decyl and dodecyl, preferably 
alkyI groups having 1 to 12 carbon atoms or haloalkyi groups such as the trifluoromethyl group; 
aralkyl groups (including those subjected to nuclear substitution with lower alkyI groups etc.) such as benzyl, benzyls 
substituted by bwer alkyls (the term "lower alkyl" as used herein means an alkyI having 1 to 4 cartDon atoms), phenyle- 
thyl. phenylpropyt. naphthylmethyt and naphthylethyl; 

aryi groups (including those subjected to nuclear substitution with lower alkyI groups or halogens) such as phenyl, 
naphthyl. phenyls substituted by lower alkyls. naphthyls substituted by lower alkyls. halogenated phenyls and halogen- 
ated naphthyls; 

•S02N{R^^)2 groups and -SOgNCR^^g groups such as -SO2NH2, -SO2 N(alkyl)2, -S02NH(phenyl) and -SO2NH (benzyl) 
(R^^ and R^® independently represent a hydrogen, a lower alkyI group, an aryl group (including aryl groups subjected 
to nuclear substitution with lower alkyf groups or halogens) or an aralkyl group (including aralkyl groups sut^jected to 
nudear sulDStitution with lower alkyI groups etc.)]; 

-N(R^2)2 groups and -N(R30)2 groups such as -NHg. -N(alkyl)2. -NH(phenyl). •NH(benzyl) and -NH(acetyl) [R^^ ^30 
independently represent a hydrogen, a lower alkyI group, an aryl group (including aryl groups subjected to nuclear sub- 
stitution with lower alkyI groups or halogens), an aralkyl group (including aralkyl groups subjected to nuclear substitution 
with lower alky! groups etc.), or an acyl group]; and 

-C0NH(R^3) groups and -C0NH(R31) gf^^^ 3^^^ as -CONHs. -COMH(alkyl). -CONH(phenyl) and -CONH(benzyl) 
(R^^ and R^"* independently represent a hydrogen, a lower alkyl group, an aryl group (including aryl groups subjected 
to nuclear substitution with lower alkyl groups or halogens) or an aralkyl group (including aralkyl groups subjected to 
nudear substitution with lower alkyl groups etc.)]. 

With respect to R^ through above, it is preferable that 1 or 2 thereof be CI or nitro groups (if two are such, they 
may be identical or not), because a good charge-providing property is obtained. The same applies to R^^ through R^^. 

As and R^ above, hydrogen [H] or an amide group represented by formula [V] below is preferred, 

-CONH-<^ ••••[V] 

wherein (R'''*)0-2 means 0 to 2 substituents; R^"^ represents a halogen such as CI. Br. 1 or F. a lower alkyl group such 
as methyl or ethyl, or an alkoxy group having 1 to 4 carlDon atoms, such as methoxy or ethoxy 

As R^ through R^° and R^^ through R^s above, hydrogen [Hj: halogens such as CI. Br. I and F; alkyl groups having 
1 to20cartX)n atoms or haloalkyi groups having 1 to 12 cartx>n atoms, such as methyl, ethyl, propyl, isopropyl. butyl, 
sec-txjtyl, tert-butyi, amyl. octyl, tert-octyl and dodecyl; and -N(R^2)^ .N(R^^2 groups such as -NHg. -N(a(kyl)2. • 
NH(phenyl). - NH(benzyl). -NH(acetyl) and -NH(benzoyi) are preferred. More preferat^ly. R^ through R^° or R^^ through 
r2® are all hydrogen [H], or 1 or 2 of R^ through R^® are halogens, alkyls a -N(R^2j^ (if two are such, they may be iden- 
tical or not) and 1 or 2 of R^^ through R^^ are halogens, alkyls or ■N(R30)2 (if two are such, they may be identical or not). 
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With respect to formulas [VIII], [XQ arxl [Xll], A* is exemplified by cations such as H^. alkali metal ions. NHj and 
organic amine ammonium. 

The monoazo compound con-esponding to the ligand D in each of the aixjve monoazo metal compounds is exem- 
plified by, but not limited to, the following example monoazo compounds (1) through (19). 



(1 ) 



10 
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so 



CI 



OH 
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25 
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40 
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55 
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10 



CI (d) 

CI OH HO 



(7) 



15 



CI (n) 

02N-^-N = N-^ 
OH HO 



(8) 



so 



25 



O^N (Q 
tert-CsHn OH HO 
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OH HO C0NH-(2) 
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40 
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OH HO 
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OH HO'' 
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OH HO 
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OH HO 
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OH HO 
OH HO NHCO-(^ 
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A metallizable monoazo compound represented by formula [II] or [III] can be obtained by diazotization coupling 
reaction. 

A monoazo metal compound of the present invention and a composition of the present invention can be obtained 
by reacting a metallizable nx)noazo compound represented by formula [II] or [III] with a metallizing agent in water and/or 
/5 organic solvent (preferably in an organic solvent). 

Generally, the reaction product formed in an organic solvent can be separated by dispersing it in an appropriate 
amount of water, collecting the resulting precipitate by filtration, washing it with water, and drying it. 

Organic solvents useful for the above-described metallizing reaction include water-soluble organic solvents, includ- 
ing alcohol-series, ether-series and glycol-series organic solvents such as 
20 methanol, 
ethanol. 

thylene glycol monomethyl ether. 
\ ethylene glycol monoethyl ether, 

propylene glycol monomethyl ether, 
2S ethylene glycol dimethyl ether (monoglyme), 

diethylene glycol dimethyl ether (diglyme). 

ethylene glycol diethyl ether. 

triethylene glycol dimethyl ether (triglyme), 

tetraethyiene glycol dimethyl ether (tetraglyme), 
30 ethylene glycol and 

propylene glycol; 

and aprotic polar solvents such as 

N.N-dimethylformamide, 

N,N-dimethylacetamide, 

35 N-methyl-2-pyrrolidone and 

dimethyl sulfoxide. The preferable solvents are ethylene glycol monomethyl ether (methyl ceilosolve), ethylene glycol 
monoetfTyl ether (ethyl ceilosolve) and ethylene glycol. 

The amount of organic solvent used, not subject to limitation, is normally 2 to 5 parts by weight per part by weight 
of the monoazo compound (dye) used as the ligand. 

40 Preferable metallizing agents include chromium compounds such as chromium formate, chromium sulfate, chro- 
mium chloride and chromium nitrate: iron compounds such as ferric chloride, ferric sulfate and ferric nitrate; and alumi- 
num compounds such as aluminum sulfate and basic aluminum acetate. 

The amount of metallizing agent used is normally 1/3 to 2 atomic equivalents, preferat)ly 1/2 to 2/3 atomic equiva- 
lents per mol of the monoazo dye used as the ligand. 

45 Isolation of reaction products was difficult even when various chromatographies were attempted. With this in mind, 
the FD-MS technique, known to preferentially demonstrate molecular ion peaks, was used to detect monoazo metal 
compounds of the present invention. 

Generally, the reaction product obtained by the above-described metallizing reaction contains as major compo- 
nents a 3:2 type monoazo metal compound represented by formula [I] (D3 (Met)2) and a 6:4 type monoazo metal com- 

50 pound represented by formula [IV] (D6(Met)4); however. FD-MS spectral analysis demonstrated that the reaction 
product also contains small anriounts of a 2:1 type monoazo metal compound represented by formula [XII] ([D2(Met)l' 
A*) and other substances. 

Because the FD (field desorption)-MS technique is an soft ionization method, fragmentation is unlikely and a simple 
spectrum is obtained, resulting in the preferential demonstration of molecular ion peaks [Tsuchiya et al.. "Current 
55 Progress of Mass Analysis" (in Japanese). Gendai Kagaku Extra Issue 15 (1989). Tokyo Kagaku Dojin; Mizuno. Kagaku 
to Kogyo. 64. 578, 507 (1990); Mizuno et al., Kagaku to Kogyo, 66, 569 (1992)]. 

The chemical structures of the 3:2 type monoazo metal compound of the present invention, represented by formula 
[I] (D3(Met)2), and the 6:4 type monoazo metal compound of the present invention, represented by formula [IV] 
(D6(Met)4). can be respectively shown by molecular structures (i) or (ii) and (iii) or (iv) below. These molecular models. 
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deduced from molecular weight data obtained by FD-MS spectral analysis, were shown to be possible by chemical 
bond analysis based on the molecular ortsital theory 

9 0\ 

(Met)-O-D -O-(Met) •••(<) 
w D 



15 



so 



/On /Ox 
D (Met) (Met) D •••(ii) 



O 0 

(Met)^ ^(Met) 

D D D D •••(ill) 

30 O o O /> 

(Met)^ ^(Met) 

\ / 

O O 



35 



0 0 
(Met):;' \Met) 

45 D D-^^D D •••(iv) 

(Met) (Met) 
so ^ D 



The monoazo metal conpounds of the present invention represented by formulas [I] (D3(Met)2) and [IV] (D6(Met)4) 
55 are exemplitied by compounds (a) through (c) below. With respect to these example compounds, the molecular weight 
range was estimated in consideration of CI isotopes. 
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(a) 



(b) 



CI to 



2Cr 



0)-N = NhS) I •2Cr 




Molecular weight : 
[CaHzzNeOsC I aCrj] =992-998 



Molecular weight : 
[C«H27NsO,zCr2]-1025 



20 



25 



(c) 



s 



CONH 



Molecular weight : 
2Cr [CwH^sNsOsCr^l^nST 



JO 



35 



40 



45 



SO 



55 
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(d) 



CI (p^ 




2Fe 



Molecular weight : 
[C«H2,NAC I sFej] =1 000-1 006 



10 



15 




\ 



^0 CONH-^y 



Molecular weight : 
2Fe [CH^NACIsFej] =1357-1 363 



so 



ss 



(f) 



O I O 



Molecular weight : 
[C4,H„N,0,&Cr,3=1217 



30 



35 



(g) 




4Cr 



Molecular weight : 
[C96Hs4N.ja2C I sCrJ =1 984-1 996 




Molecular weight : 
[CseH^Ni A2C I sFeJ =2000-201 2 



The toner of the present invention for developing electrostatic images and the powdery paint of the present inven- 
50 tion for electrostatic painting may incorporate various dyes and pigments as coloring agents. Examples of useful color- 
ing agents include organic pigments such as Quinophthalone Yellow. Isoindolinone Yellow. Perinone Orange. Peri none 
Red. Perylene Maroon, Rhodamine 6G Lake. Quinacridone Red. Anthanthron Red, Rose Bengale. copper Phthalocy- 
anine Blue, copper Phthalocyanlne Green arxJ diketopyrrolopyrrole pigments; and inorganic pigments and metal pow- 
ders such as Carbon Black. Titanium White, Titanium Yellow. Ultramarine. Cobalt Blue. Red Iron Oxide, aluminum 
55 powder and bronze. 

Exanples of resins useful in the toner and powdery paint of the present invention include the following resins. Spe- 
cifically, useful resins for toners Include thermoplastic resins such as styrene resin, styrene-acrylic resin, styrene-buta- 
diene resin, styrene-maleic acid resin, styrene-vinyl methyl ether resin, styrene-methacrylic acid ester copolymer, 
polyester resin and polypropylene resin; 
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useful resins for paints include thernx)plastic resins of the acryl-, polydef in-, polyester-, polyamide- or other series, and 
thermosetting resins of the phenoi% epoxy% polyester- or other series. 
These resins may be used singly or in blends. 

With respect to the toner of the present invention lor developing electrostatic images and the powdery paint of the 
5 present invention for electrostatic paint ng, it is preferable that an above-descrbed monoazo metal compound of the 
present invention or an above-described composition of the present invention be incorporated as a charge control agent 
or charge enhancer in a ratio of 0.1 to 10 p>arts by weight per 100 parts by weight of resin. More preferably, the content 
ratio of charge control agent or charge enhancer is 0.5 to 5 parts by weight per 100 parts by weight of resin. 

The toner of the present invention for developing electrostatic images can, for exanple. be produced as follows: 
10 After a resin and coloring agent (preferably Cartx)n Black) as described above, an above-described monoazo metal 
compound of the present invention or an above-described composition of the present invention as a charge control 
agent, and. if necessary, a magnetic material, a fluidizing agent, a releasing agent and other additives, are thoroughly 
mixed using a ball mill or another mechanical mixer, the mixture Is Kneaded in a molten state using a hot Kneader such 
as a heat roll, kneader or extruder. The resulting molten mixture is cooled and solidified, followed by pulverization and 
15 partide classification by size, to yield a toner 5 to 20 ^m in mean partide diameter. 

Other usable methods include the method in which other starting materials are dispersed in a binder resin solution 
for toners and then spray dried to yield a toner, and the method in which a given set of starting materials are mixed in 
a monomer for toner birxier resin to yield an emulsified suspension, which is then polymerized to yield a polymeric 
toner. 

20 When the toner of the present invention is used as a two -component developer, development can be achieved by 

the two-conponent magnetic brush developing process or the like using the toner of the present invention in mixture 
with carrier powder. 

Any known carrier can be used. Examples of the carrier include iron powder, nickel powder, ferrite powder and 
glass beads about 50 to 200 fim in particle diameter, and such materials as coated with acrylic acid ester copolymer. 
25 styrene-aayiic acid ester copolymer, styrene-methacrylic acid ester copolymer, silicone resin, polyamide resin, ethyl- 
ene fluoride resin or the like. 

When the toner of the present invention is used as a one -component developer, an appropriate amount of fine 
powder of a ferromagnetic material such as iron powder, nickel powder or ferrite powder may be added and dispersed 
in preparing the toner as described above. Examples of developing processes which can be used in this case include 
30 contact development and jumping development. 

The powdery paint of the present invention for electrostatic painting may be colored by. for example, the addition of 
a pigment, and may incorporate a filler such as Titanium White, talc, kaolin, silica, alumina, calcium carbonate, alumi- 
num sulfate, barium sulfate, calcium sulfate, titanium oxide or calcium phosphate. 

Painting with the povvdery paint of the present invention for electrostatic painting can be achieved using an ordinary 
35 method of electrostatic powder painting such as the corona charging method, frictional charging method or hybrid 
method, and permits efffcient obtalnment of features of powdery paint, such as i) capability of forming a thick coating 
film without film defects, ii) improvement of coating film performance, and iii) absence of painting loss during painting 
operation. 

Figure 1 is an FD-^/^S spectrum of the composition obtained in Example 1 . 
40 Rgure 2 is an FD-MS spectrum of the composition obtained in Example 2. 
Rgure 3 is an FD-MS spectrum of the composition obtained in Example 3. 
Rgure 4 is an FD-MS spectrum of the composition obtained in Exanple 4. 
Figure 5 is an FD-MS spectrum of the composition obtained in Example 5. 

45 EXAMPLES 

The present invention is hereinafter described in more detail by means of the following examples, which are not to 
be construed as limitative on the present invention. In the description given below, figures for part(s) by weight are sim- 
ply referred to as part(s). 

so 

Example 1 

To 620 g of ethyl cellosoK/e and 380 g of ethylene glycol. 1 1 0 g (0.59 mol) of chromium (111) formate was added: this 
mixture was stirred at SCO for 1 hour, 
55 To this mixture. 41 5 g (1 .39 mo!) of monoazo compound (1 ) was added; after the temperature was raised to 1 25°C. 
the mixture was stirred for 4 hours. 

This reaction mixture was dispersed in 4000 ml of a 3% aqueous solution of hydrochloric acid and stirred at GCC 
for 1 hour, after which this mixture was filtered; the cake filtered out was washed with warm water and dried to yield 400 
g of a purple powder. 
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This powder was subjected to molecular weight determination by the FD-MS technique; the mass spectrum shown 
in Figure 1 was obtained [the abscissa indicates M/Z (mass/charge) and the ordinate indicates relative abundance (con- 
tent ratio); the same applies to Figures 2 through 5]. 

The mass spectrum of Figure 1 identified a 3:2 type metal compound of the present invention (example monoazo 
5 metal compound (a)) [M/Z, 993 (M*)]. which is the major reaction product, a 2:1 type metal compound ({[example 
monoazo compourxJ (1)]2(Cr)}* 'H*) [IWZ. 643 (M*-2)], and unreacted example monoazo compound (1) [M/Z. 298 
(M*)]. 

Molecular weight determination by the FD-MS technique was conducted as follows (the same applies to the Exam- 
ples below). 

JO The sample, dissolved or dispersed in DMF. was analyzed using a mass analyzer [JMS-DX303HF (trade name), 
produced by JEOL Ltd.] to obtain a mass spectrum showing the sample's molecular weight. 



- Analytical conditions A: FD-MS (Field Desorption Mass Spectroscopy) technique (field leaving ionization method) - 
Carbon emitter used 

15 

Resolution: 1 500. 35-2200 M/Z 

Acceleration voltage: 2.5 kV 

Ion multiplier: 1 .5-2.5 kV 

Emitter amperage: 0-40 mA 

£0 Cathode voltage: 5.0 kV 



Example 2 



82 g (0.6 mo\) of salicylic acid was dissolved in 500 g of a 1 6% aqueous solution of sodium hydroxide; after the tem- 
25 perature was raised to GO^'C. 470 g of a 13.4% aqueous solution of Iron (III) chloride was added little by little, followed 
by stirring for 20 minutes to achieve dissolution. 

The resulting solution was added to a solution of 150 g (0.5 mol) of example monoazo compound (1) in a 4% aque- 
ous solution of sodium hydroxide; after the temperature was raised to lOO^'C. the mixture was stirred for 2 hours, after 
which 65.9 g of a 37% aqueous solution of iron (ill) chloride was added, followed by stirring for 1.5 hours. 
30 This reaction mixture was dispersed in 2500 ml of a 1 .5% aqueous solution of hydrochloric acid and stirred at 60**C 
for 10 minutes, after which the mixture was filtered; the cake filtered out was washed with 2000 ml of hot water and dried 
to yiekJ 1 82 g of a black powder. 

This powder was subjected to molecular weight determination by the FD-MS technique; the mass spectrum shown 
in Figure 2 was obtained. 

35 The mass spectrum of Figure 2 identified a 3:2 type metal compound of the present invention (example monoazo 
metal compound (d)) [M/Z. 999 (M*-1)]. which is the major reaction product, and a small amount of a 2:1 type metal 
compound ({[example nrxjnoazo compound (1)]2(Fe)}" • H*) [M/Z. 647 (M''-2)J. 

Examole 3 

40 

82 g (0.6 mol) of salicylic ackj was dissolved in 500 g of a 1 6% aqueous solution of sodium hydroxide; after the tem- 
perature was raised to SO^'C. 470 g of a 13.4% aqueous solution of iron (III) chlorkle was added little by little, followed 
by stirring for 20 minutes to achieve dissolution. 

The resulting solution was added to a solution of 150 g (0.5 mol) of example monoazo compound (1) in a 4% aque- 
45 ous solution of sodium hydroxkde; after the temperature was raised to 100°C. the mixture was stirred for 4 hours. 

This reaction mixture was dispersed in 2500 ml of a 1 .5% aqueous solution of hydrochloric acid and stirred at eo^'C 
for 10 minutes, after which the mixture was filtered; the cake filtered out was washed with 2000 ml of hot water and dried 
to yield 147 g of a black powder. 

This powder was subjected to molecular weight determination by the FD-MS technique; the mass spectrum shown 
50 in Figure 3 was obtained. 

The mass spectrum of Figure 3 identified a 3:2 type metal compound of the present invention (example monoazo 
metal compound (d)) [M/Z. 999 (M^'-l)] and a 2:1 type metal compound ({[example monoazo compound (l)]2(Pe)}' 
• Na*) [M/Z, 670 (M*-1)J in an almost 1:1 ratio. 



55 Example 4 

82 g (0.6 mol) of salicylic acid was dissolved in 500 g of a 1 6% aqueous solution of sodium hydroxide; after the tem- 
perature was raised to 60**C, 470 g of a 13.4% aqueous solution of iron (111) chloride was added little by little, followed 
by stirring for 20 minutes to achieve dissolution. 
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The resulting solution was added to a solution of 209 g (0.5 mol) of example monoazo compound (1 1) in a 4% 
aqueous solution of sodium hydroxide; after the temperature was raised to 100^'C, the mixture was stirred for 2 hours. 

This reaction mixture was dispersed in 2500 ml of a 1 .5% aqueous solution of hydrochloric acid and stirred at 60*^0 
for 1 0 minutes, after which the mixture was filtered ; the cake filtered out was washed with 2000 ml of hot water and dried 
5 to yield 1 76 g of a black powder. 

This powder was subjected to molecular weight determination by the FD-MS technique; the mass spectrum shown 
in Figure 4 was obtained. 

The mass spectrum of Figure 4 identified a 3:2 type metal compound of the present invention (example monoazo 
metal compound (e)) [^A/Z. 1359 (M"")]. which is the major reaction product. 

JO 

Eyam pt e 5 

To 228 g (0.76 mol) Of example monoazo compound (1). 340 g of ethyl cellosolve and 220 g of ethylene glycol, a 
mixture of 76.0 g (0.41 mol) of chrorraum (III) formate and 24 g of urea was added; this mixture was stirred at 130'C for 
15 3 hours. 

This reaction mixture was filtered while it remained hot; the filtrate was dispersed in an aqueous solution consisting 
of 30 g of 35% hydrochloric acid arxl 2000 ml of water, followed by stirring at 50 to 60*^0 for about 30 minutes, after 
X which the mixture was filtered; the cake filtered out was washed with water and dried to yield 220 g of a blackish purple 

powder. \ 
20 81 g of the powder obtained was washed with a methanol using Soxhiet extractor arijj dried to yiekJ 71 g of a black- 
ish brown powder. 

This powder was subjected to molecular weight determination by the FD-MS technique; the mass spectrum shown 
in Figure 5 was obtained. 

The mass spectrum of Figure 5 identified a 6:4 type metal compourxJ of the present invention (example nnonoazo 
25 metal compound (g)) [M/Z. 1987 (M"*")], which Is the major reaction product, and very small amounts of a 3:2 type metal 
compound of the present invention (example monoazo conpound (a)) [M/Z. 993 (M*)] and a 2:1 type metal compound 
of the present Invention ({[exarrple monoazo compound (1 )l2{Cr)}" • H*) [M/Z 644 (M*- 1 )]. 

- Toner for developing electrostatic images 

30 

Next, a toner for developing electrostatic images whose charge control agent is based on a monoazo metal com- 
pound of the present invention (and also a composition of the present invention) is hereinafter described with reference 
to Examples A through C. 

35 Example A 

Styrene-acrylic copolymer resin [HIMER SMB600 (trade name), produced by Sanyo Kasei Co., Ltd.]... 100 parts 
Low polymer polypropylene [Biscal 550P (trade name), produced by Sanyo Kasei Co., Ltd.].,. 3 parts 
Cartjon Black [MA-100 (trade name), produced by Mitsubishi Chemical Industries. Ltd.]... 6 parts 
40 Charge control agent (composition obtained in Example 1)... 1 part 

The above ingredients were uniformly pre-mixed using a high-speed mixer, and then kneaded in a molten state 
using a heat roll, cooled, and roughly milled in a vibration mill. 

The obtained coarse product was finely pulverized using an air jet mill equipped with a classifier to yield a nega- 
45 tively chargeable toner 10 to 20 ^m in particle size. 

Five parts of this toner was admixed with 95 parts of an iron powder carrier fTEFV 200/300 (trade name), produced 
by Powdertech Co., Ltd.) to yield a developer. 

The developer was thoroughly stirred and the amount of charges of the developer was determined by the blowoff 
method using a blowoff charge analyzer [TB-200 (trade name), produced by Toshiba Chemical Corporation); the 
50 amount of initial blowoff charges of the developer was found to be -29.7 (iC/g. The amounts of initial blowoff charges of 
the developer under low-temperature low-humidity conditions and high-temperature high-humidity corKiitions were ■ 
29.0 \iC/Q and -28.8 uC/g. respectively, demonstrating very high stability; storage stability was also good. 

When this developer was used for repeated cycles of actual imaging on a commercially available copying machine, 
high-quality images free of density reduction and fogging were obtained, with good charge stability and sustainability 
55 and no high-temperature offset phenomenon. 

Example B 

A toner according to the present invention and a developer were prepared and assessed in the same manner as in 
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Exanple A, except that the charge control agent composition used in Example A was replaced with that obtained 
Example 2. The amount of initial blowoff charges of the developer was determined to be -21 .3 (xC/g. The amounts of 
initial blowoff charges of the developer under bw-temperature low-humidity conditions and high-temperature high- 
humidity conditions were -21.5 ^C/g and -20.0 |iC/g, respectively, demonstrating very high stability; storage stability 
5 was also good. When this developer was used for repeated cycles of actual imaging in the same manner as in Example 
A, high-quality images free of density reduction and fogging were obtained, with good charge stability and sustainabiiity 
and no high-temperature offset phenomenon, as in Example A. 

Example C 

10 

Polyester resin [HP-301 (trade name), produced by The Nippon Synthetic Chemical Industry, Co., Ltd.]... 100 parts 
Low polymer polypropylene [Biscal 550P (trade name), produced by Sanyo Kasei Co.. Ltd.]... 2 parts 
Carbon Black [MA-lOO (trade name), produced by Mitsubishi Chemical Industries. Ltd.]... 6 parts 
Charge control agent (composition obtained in Example 5)... 1 part 

75 

The above ingredients were treated in the same manner as in Example A to yield a negatively chargeable toner, 
which was then used to prepare a developer. 

When this developer was used for repeated cycles of actual imaging, high-quality images free of density reduction 
and fogging were obtained, with good charge stability and sustainabiiity. The offset phenomenon was not noted. 

20 

Comparative Example 1 

A toner and developer were prepared arxi assessed in the same manner as in Example A. except that the charge 
control agent used In Example A was replaced with a chromium complex compourxJ of the following structure (Or com- 
?s plex corrpound of the monoazo compound and t-butylsalicylic add disclosed in Japanese Patent Unexamined Publica- 
tion No. 29254/1984), The amount of charges and charge stability were problematic. When this developer was used for 
repeated cycles of actual imaging, image scattering, derangement, fogging and other drawbacks were noted. 



45 Cpmp^rativ^ Ex^mpl^ g 

A toner and developer were prepared and assessed in the same manner as in Example A. except that the charge 
control agent used in Example A was replaced with an Mg complex compound of t-butylsali cyclic acid of the following 
structure (disclosed in Japanese Patent Unexamined Publication No. 163061/1987). The amount of charges and 
50 charge stability were problematic. When this developer was used for repeated cycles of actual imaging, image scatter- 
ing, derangement, fogging and other drawbacks were noted; the charge control agent failed to exhibit satisfactory effect. 



55 
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(CH3)3Cv II y /C(CH3)3 

^-CO-Mg-OC-^ 
OH HO 



- Powdery paints for electrostatic paiming - 

Next, powdery paints for electrostatic painting whose charge enhancer Is based on a monoazo metal compound of 
the present invention (and also a composition of the present invention) are described with reference to Examples D 
through G. 

Although painting with the powdery paint of the present invention for electrostatic painting can be achieved using 
an ordinary method of electrostatic painting such as the corona charging method, frictlonal charging method or hybrid 
method, electrostatic painting by the frictional charging method is primarily described here. 

As shown in Table 1, 97 to 98 parts of a resin for powdery paint, 2 to 3 parts of the charge enhancer composition 
obtained in Example 1, 3, 4 or 5, and 0 to 5 parts of a coloring agent were uniformly pre-mixed using a ball mill, and 
then kneaded in a nrK>lten state using a heat roll, cooled, and roughly and finely milled to yield a powdery paint for elec- 
trostatic paintir^g of 20 to 250 iim in particle size. 

When the powdery paints for electrostatic painting thus obtained were subjected to a painting test by the tribo- 
charge method on a steel plate using a frictional charging electrostatic powdery painting machine [Tribomatic (trade 
name), produced by Nordson K.K.]. painted products having good appeararrce arxi no painting fim defects were 
obtained at a paint adhesion efficiency of not less than 96%. 



Table 1 



Example 


Powdery paint composition 


Powdery paint 


Paint 


D 


97 parts of acrylic resin and 3 parts of charge enhancer obtained in 
Example 1 


Negatively chargeable 


99 


E 


98 parts of acrylic resin and 2 parts of charge enhancer obtained in 
Example 4 


Negatively chargeable 


98 


F 


97 parts of polyester resin and 3 parts of charge enhancer obtained 
in Example 5 


Negatively chargeable 


98 


G 


98 parts of acrylic resin and 2 parts of charge enhancer obtained In 
Exarrple 3 


Negatively chargeatsle 


96 



Claims 

1 . A monoazo metal compound which is represented by the formula: 

D3(Met)2 [I] 

wherein 0 represents a iigand based on a nDonoazo compound having 2 metailizable -OH groups represented by 
formula [II] or [lit] below. Met represents a metal atom, and the 3 molecules of D are coordinated to the 2 atoms of 
Met. 
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25 




[II] 



wherein R\ R^, R^, R"*, R^. R^, R^, R^. R^ and R^° independently represent a hydrogen, a halogen, a nitro group, 
an alkyt or haloalKyI group having 1 to 20 carbon atoms, an ary) group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -S02N(R^^)2 (the two R^^ groups, whether identical or not. 
represent a hydrogen, a lower alkyi group, an aryl group having or not having nuclear substitution, or an aralkyi 
/5 group having or not having nuclear substitution), •N(R^2)2 (the two R^^ groups, whether identical or nol. represent 

a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl group), or -CONH(R^^) (R''^ represents a hydrogen, a lower alkyI group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of through R^^ may bind together to form an aromatic or aliphatic ring. 



^22 pp, p28 



R''-fe^N = N-?O^R^^ ••••[III] 



R'' OH HO 



wherein r2\ R^. R^^, R^^. R^^ r26^ r27 p28 independently represent a hydrogen, a halogen, a nitro group, 
30 an alkyi or haioalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution. -S02N(R^^)2 (the two R^^ groups, whether identical or not, 
represent a hydrogen, a lower alkyf group, an aryl group having or not having nuclear sutjstitution, or an aralkyi 
group having or not having nuclear substitutkjn), -N(R^°)2 (the two R^° groups, whether identk:al or nol, represent 
a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
35 not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyl group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^^ through R^® may bind together to form an aromatic or aliphatk; ring. 

2. A monoazo metal compound which is represented by the formula: 

40 

D6(Met)4 [IV] 



wherein D represents a ligand based on a monoazo compound having 2 metallizable -OH groups represented by 
formula [II] or [111] below, Met represents a metal atom, and the 6 molecules of D are coordinated to the 4 atoms of 
45 Met 



so 



R'° 

R'-^Vn = n-^OVr' 

R^^OH HO^R' 



[II] 



wherein R\ R^, R^. R"*, R^, R^, R^, R^. R^ and R^^ independently represent a hydrogen, a halogen, a nitro group, 
an alkyl or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -S02N(R^ ')2 (the two R^ ^ groups, whether identical or not. 
represent a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyi 
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group having or not having nuclear substitution). -N(R^2)2 (the two R^^ groups, whether identical or not, represent 
a hydrogen, a lower alkyi group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl group), or -CONHCR^^) (R*"^ represents a hydrogen, a lower alkyI group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R"* through R^^ nnay bind together to form an aronnatic or aliphatic ring. 

R22 R21 R2S 



R''-^VN = N-feVR^^ ••••[III] 



R'' OH HO 



75 

wherein R^^ R^^, R^^, R^^. R^^, R^^. R^^ and R^® independently represent a hydrogen, a halogen, a nitre group, 
an alkyI or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution. -S02N(R^^2 (**^® groups, whether identical or not, 

represent a hydrogen, a lower alkyt group, an aryi group having or not having nudear substitution, or an aralkyi 
20 group having or not having nuclear substitution). -N(R^^)2 (the two R^*^ groups, whether identical or not. represent 
a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyt group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^"* through R^^ may bind together to form an aromatic or aliphatic ring. 

25 

3. The nionoazo metal compound of claim 1 or claim 2 wherein R^ is a hydrogen or an amide group represented by 
formula [V] below. 

30 (R"*)o-2 



35 

wherein (R^'^)o.2 means 0 to 2 substituents; R^^ represents a halogen, a lower alkyI group, or a lower afkoxy group. 

4. The monoazo metal compound of daim 1 or claim 2 wherein said metal atom (Met) is trivalent chromium or trivatent 
40 iron. 

5. A composition comprising 2 or 3 monoazo metal compounds selected from the group consisting of monoazo metal 
compounds represented by formula [VI] below, monoazo metal compounds represented by formula [VII] below, and 
monoazo metal compourxte represented by formula [VIII] below. 

45 



50 
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Met 



35 in formulas [V!], [VII] and [VIII], H\ R^. R^. R"*, R^. R^. R^. R^, R® and R^^ independently represent a hydrogen, a 
halogen, a nitro group, an alkyi or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having 
nuclear substitution, an aralkyl group having or not having nuclear substitution, -S02N(R^'*)2 (the two R^^ groups, 
whether identical or not, represerrt a hydrogen, a lower alkyt group, an aryt group having or not having nudear sub- 
stitution, or an aralkyl group having or not having nuclear substitution). -N(R^^)2 (the two R^^ groups, whether iden- 

40 tical or not, represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an 
aralkyl group having or not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydro- 
g n. a lower alky I group, an 317! group having or not having nuclear substitution, or an aralkyl group having or not 
having nuclear substitution); 2 or more of R^ through R^^ may bind together to form an aromatic or aliphatic ring; 
Met represents a metal atom; and in formula [VIII], A* represents a cation. 

45 

6. The composition of claim 5 wherein R^ is a hydrogen or an amide group represented by formula [V] below. 

-CONH-(^ ••••[V] 

wherein (R^^.g means 0 to 2 substituents: R*"^ represents a halogen, a lower alkyI group, or a lower alkoxy group. 

55 

7, A composition comprising 2 or 3 monoazo metal compounds selected from the group consisting of monoazo metal 
compounds represented by formula [IX] below, monoazo metal compounds represented by formula [X] below, and 
monoazo metal compounds represented by formula [XI] below. 



21 

500CID: <EP 0769S30A2J,> 



EP 0 769 530 A2 



10 



R" R"' R^' R2^ 
R"-fe$-N = N-?O^R^^ 



O R» 



2Met 



[IX] 



75 



V 



R2. R28 p?7 



N 



O 



4Met 



[X] 



20 



25 



R22 p2, pia 

R"-fe^N = N-fe^R^ 



o 



O R^^ 

/ 



Met 



[XI] 



30 



40 



in formulas [IX]. [X] and pci], r2\ r22, r23^ r24 p25 r26 p27 fj28 independently represent a hydrogen, a hal- 
ogen, a nitro group, an alkyi or haloalkyi group having 1 to 20 cartxDn atoms, an aryl grotp having or not having 
nuclear substitution, an aralkyi group having or not having nuclear substitution. -S02N(R2^)2 (the two R^^ groups, 
whether identical or not, represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear sub- 
stitution, or an aralkyi group having or not having nuclear substitution), -N(R''°)2 (the two R^^ groups, whether iden- 
tical or not, represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydro- 
gen, a lower alkyI group, an aryl group having or not having nudear substitution, or an aralkyi group having or not 
having nudear substitution); 2 or more of R^^ through R^^ may bind together to form an aromatic or aliphatic ring; 
Met represents a metal atom; and in formula [XI]. represents a cation. 



8. A charge control agent or charge enharKer wherein a morxjazo metal compound represented by the formula [I] 
below is contained as an active ingredient. 



AS 



so 



55 



D3(Met)2 



in 



wherein D represents a ligand based on a monoazo compound having 2 metallizable -OH groups represented by 
formula [II] or [III] below. Met represents a metal atom, and the 3 molecules of D are coordinated to the 2 atoms of 
Met. 



jio 



OH HO 



[il] 
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wherein R\ R^, R^, R-*, r5 p7 p9 pio independently represent a hydrogen, a halogen, a nitro group, 
an alkyi or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -S02N(R^^)2 (the two R^^ groups, whether identical or not, 
represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, or an aralkyi 
group having or not having nuclear substitution). -N(R^2)2 (the two R^^ groups, whether identk:al or not. represent 
a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyi group), or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyI group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^ through R^° may bind together to form an aromatic or aliphatic ring. 



Ft22 p2, p{28 



R"-^S~N = N--feVR^^ •-•[III] 



OH HO 



20 wherein r2\ r22 r23 p24 p25 p26 p27 p28 independently represent a hydrogen, a halogen, a nitro group, 
an alkyI or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution. -S02N(R2^)2 (the two R^ groups, whether identical or not, 
represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, or an aralkyi 
group having or not having nuclear substitution), -N(R^°)2 (the two R^^ groups, whether identrcal or not. represent 

25 a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear siiDStitution, or an acyl group), or -CONH(R^^) (R^"* represents a hydrogen, a lower alkyl group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^^ through R^® may bind together to form an aromatic or aliphatic ring. 

30 9. A charge control agent or charge enhancer wherein a monoazo metal compound represented by the formula [IV] 
below is contained as an active ingredient. 

D6{Met)4 [IV] 

35 wherein D represerrts a ligand based on a monoazo conpound having 2 metallizaWe -OH groups represented by 
formula [II] or [HQ below. Met represents a metal atom, and the 6 molecules of D are coordinated to the 4 atoms of 
Met. 



40 



45 



R' R 

R' N = N -(0> ••••[II] 

R^ OH ho' 



wherein R\ R^. R^, R^, R^. R^, R^. R®. R^ and R^° independently represent a hydrogen, a halogen, a nitro group, 
an alkyl or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 

so aralkyi group having or not having nuclear substitution, -S02N{R^ ^)2 (the two R"* ^ groups, whether identical or not. 
represent a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyi 
group having or not having nuclear substitution). -N(R^^)2 (the two R^^ groups, whether identical or not, represent 
a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl group), or •CONH(R^^) (R^^ represents a hydrogen, a lower alkyi group, 

55 an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^ through R^^ may bind together to form an aromatic or aliphatic ring. 
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26 



OH HO R^* 



[III] 



10 



15 



wherein R^^, R^^, R^"*, R^^, R^^. R^^ and R^^ independently represent a hydrogen, a halogen, a nitro group, 
an alkyi or hatoalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyl group having or not having nuclear substitution. -S02N(R^^2 (*^® groups, whether identical or not. 

represent a hydrogen, a lower alkyI group, an aryi group having or not having nuclear substitution, or an aralkyl 
group having or not having nuclear substitution). •N(R^®)2 (the two R'^^ groups, whether identical or not. represent 
a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an aralkyl group having or 
not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyi group, 
an aryl group having or not having nuclear sut)stitutjon, or an aralkyl group having or not having nuclear substitu- 
tion); 2 or more of R^^ through R^® may bind together to form an aromatic or aliphatic ring. 



20 10. A charge control agent or charge enhancer wherein a composition comprising 2 or 3 monoazo metal conrpounds 
selected from the group consisting of monoazo metal compounds represented by formula [VI] below, monoazo 
metal compounds represented by formula [VII] below, and monoazo metal conrtpounds represented by formula 
[Vltl] below is contained as an active ingredient. 



25 



30 




2Met 



[VI] 



35 



40 
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>R* 



• 4Met 



[VII] 



45 



R' R' 





,R« 


R'°-^ 


)-R^ 






i 0 


.R5 



[VI I 1] 



Met 



in formulas [VI], [VII] and [Vlll], R\ R^, r^, R^. R^ r^ pj^ r8 pS ^p^^ r10 independently represent a hydrogen, a 
halogen, a nitro group, an alkyl or haloalkyi group having 1 to 20 cart)on atoms, an aryl group having or not having 
nuclear substitution, an aralkyl group having or not having nuclear substitution. -SOaNCR^ ^)2 (the two R^ ^ groups, 
whether identical or not. represent a hydrogen, a lower alkyl group, an aryl group having or not having nuclear sub- 
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stitution, or an aralkyi group having or not having nuclear substitution). -N(R^2)2 (the two R^^ groups, whether Iden- 
tical or not. represent a hydrogen, a lower alKyl group, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^*^ represents a hydro- 
gen, a lower alkyi group, an aryl group having or not having nuclear substitution, or an aralkyi group having or not 
5 having nudear substitution): 2 or more of R^ through R^° may bind together to form an aromatic or aiiphatic ring; 

Met represents a metal atom; in formula [VIII]. A"^ represents a cation. 

11. A charge control agent or charge enhancer wherein a conpositlon comprising 2 or 3 monoazo metal compounds 
selected from the group consisting of monoazo metal compounds represented by formula [IX] below, monoazo 
10 metal corrpounds represented by formula [X] below, and monoazo metal compounds represented by formula (XI] 
below is contained as an active ingredient 



15 



20 



25 



30 



35 



AO 




in formulas [IX]. [X] and [XI]. r2\ r22, r23, r24^ p2S^ ^26 ^27 p28 independently represent a hydrogen, a hal- 
45 ogen. a nitro group, an alkyI or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having 
nuclear substitution, an aralkyi group having or not having nuclear substitution, -S02N(R^^2 (^be two R^^ groups, 
whether identical or not. represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear sub- 
stitution, or an aralkyi group having or not having nuclear substitution). -N(R^°)2 (the two R^ groups, whether iden- 
tical or not, represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear substitution, an 
50 aralkyi group having or not having nuclear substitution, or an acyl group), or -CONH(R^^) (R*^^ represents a hydro- 
gen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyi group having or not 
having nuclear substitution); 2 or more of R^^ through R^® may bind together to form an aromatic or aliphatic ring; 
Met represents a metal atom; and in formula [XI]. A"*" represents a cation. 

55 12. A toner for developing electrostatic images comprising a coloring agent, a resin and a monoazo metaJ compound 
• represented by the formula [O below as charge control agent. 

D3(Met)2 [1] 
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wherein D represents a ligand based on a monoazo compound having 2 metallizaWe -OH groups represented by 
formula [iq or [HQ below, Met represents a metal atom, and the 3 molecules of D are coordinated to the 2 atonns of 
Met. 



10 




[II] 



15 wherein R\ R^. R^. R^ R^. R^, R^, R®. R^ and R^^ Independently represent a hydrogen, a halogen, a nitre group. 

an alkyi or haloalkyi group having 1 to 20 cartxjn atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -S02N(R"'^)2 (the two R^^ groups, whether iderrticai or not, 
represent a hydrogen, a lower alkyi group, an aryl group having or not having nudear substitution, or an aralkyi 
group having or not having nuclear substitution). -N(R^^)2 (the two R^^ groups, whether identical or not. represent 

20 a hydrogen, a lower alkyi group, an aryl group having or not having nuclear substitution, an aralkyi group having or 

not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyi group, 
an aryi group having or not having nuclear substitution, or an aralkyi group having or not having nudear substitu- 
tion); 2 or more of R^ through R^^ may bind together to form an aromatic or aliphatic ring. 



25 



30 



R22 p2l R28 

^"H^y N = N -feS- R^^ •••.[HI] 



R"" OH HO 



wherein r2\ R^^ r23 p24 ^25 p26 ^21 ^28 independently represent a hydrogen, a halogen, a nitro group, 
35 an alkyi or haloalkyi group having 1 to 20 cart)on atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution. -SOjNfR^^jj (the two R^ groups, whether identical or not, 
represent a hydrogen, a lower alkyi group, an aryl group having or not having nudear substitution, or an aralkyi 
group having or not having nuclear substitution). -N(R^'^)2 (the two R^° groups, whether identical or not, represent 
a hydrogen, a lower alkyi group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
40 not having nuclear substitution, or an acyl group), or -CONH(R^^) (R*^* represents a hydrogen, a lower aJkyi group, 

an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nudear substitu- 
tion); 2 or more of R^^ through R^® may bind together to form an aromatic or aliphatic ring. 

13. A toner for developing electrostatic images comprising a coloring agent, a resin and a monoazo metal compound 
45 represented by the formula [IV] below as charge control agent. 

D6(Met)4 [IV] 

wherein D represents a ligand based on a monoazo compound having 2 metallizaWe -OH groups represented by 
50 formula [IQ or [Mf] below. Met represents a metal atom, and the 6 nnoiecules of 0 are coordinated to the 4 atoms of 
Met. 
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R^ R' R''-^_R7 
R'-@-N = N-(^-R^ ....[II] 

OH HO-^R' 



10 

wherein R\ R^, R*. R^, R''. R®, R^ and R^° independently represent a hydrogen, a halogen, a nitre group, 
an alky! or haJoalkyi group having 1 to 20 cartx^n atoms, an aryi group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -S02N(R^ (the two R^^ groups, whether identical or not, 

15 represent a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substrtution, or an aralkyi 
group having or not having nuclear substitution), -N(R^2)2 (the two R^^ groups, whether identical or not, represent 
a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an araikyi group having or 
not having nuclear substitution, or an acyl group), or -CONH(R^3) jr13 ^^^gg^^^^g ^ hydrogen, a lower alkyl group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 

20 tion); 2 or more of R^ through R^^ may bir>d together to form an aromatic or aliphatic ring. 

-^22 021 D28 -27 



25 



R''-^-N = N-^-R^^ ••••[III] 
OH HO R« 



30 

wherein r2\ R^^, R^^, R^"*, R^s, r26^ p27 g^id R^® independently represent a hydrogen, a halogen, a nitro group, 
an alkyl or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -$02N(R^^)2 (the two R^^ groups, whether identical or not, 
represent a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyi 
35 group having or not having nuclear substitution). -N(R^°)2 (the two R^^ groups, whether identical or not, represent 
a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl groi^). or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyl group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^** through R^® may bind together to form an aromatic or aliphatic ring. 

40 

14. The toner for developing electrostatic images of claim 1 2 or claim 13 wherein R^ is a hydrogen or an amide group 
represented by formula [V] below. 

45 (R''^)o-2 

-CONH-<^ ••••[V] 



so 

wherein (R^^)o.2 nieans 0 to 2 substituents; R^^ represents a halogen, a lower alkyl group, or a lower alkoxy group. 

15. The toner for developing electrostatic images of claim 12 or claim 13 wherein said metal atom (Met) is Irivalent 
chromium or trivalent iron. 

55 

16. A toner for developing electrostatic images comprising a coloring agent, a resin and a composition as charge con- 
trol agent comprising 2 or 3 monoazo metal compounds selected from the group consisting of monoazo metal com- 
pounds represented t>y formula [VI] below, monoazo metal compounds represented by formula [VII] below, and 
monoazo metal compounds represented by formula [VIM] below. 
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2Met 



[Vl] 



»5 



.R« 

R'-^^N = N^(0)-R' 



4Met 



[VII] 



so 
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R' R'° 



Met 



[VIII] 



35 



40 



45 



50 



55 



in formulas [VI]. [Vll] and IVIII], R^ R^, R^. r*. rS, r7 p^s p9 rio independently represent a hydrogen, a 
halogen, a nitro group, an alkyi or haloalkyi group having 1 to 20 cartx)n atoms, an aryl group having or not having 
nuclear substitution, an arall<yl group having or not having nuclear substitution. -S02N(R^^)2 (the two R""^ groups, 
whether identical or not, represent a hydrogen, a lower alkyt group, an aryl group having or not having nuclear sub- 
stitution, or an aralkyi group having or not having nuclear substitution). •N(R^^)2 (the two R^^ groups, whether iden- 
tical or not. represent a hydrogen, a lower alkyI group, an aryl group having or not having nudear substitution, an 
aralkyi group having or not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydro- 
gen, a lower alkyI group, an aryl group having or not having nuclear substitution, or an araikyi group having or not 
having nuclear substitution): 2 or nx)re of R^ through R^° may bind together to form an aronrratic or aliphatic ring; 
Met represents a metal atom; and in formula [VI 11], represents a cation. 

17. The toner for developing electrostatic images of claim 16 wherein R^ Is a hydrogen or an amide group represented 
by formula [V] below. 



(R")o-2 

-CONH-(^ , 



[V] 



wherein (R'^)o.2 means 0 to 2 substituents: R^^ represents a halogen, a lower alkyI group, or a lower alkoxy group. 
18. A toner for developing electrostatic images comprising a coloring agent, a resin and a composition as charge con- 
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trol agent comprising 2 or 3 monoazo metal compounds selected from the group consisting of monoazo metal com- 
pounds represented by formula [IX] below, monoazo metal compounds represented by formula pC] below, and 
monoazo metal compounds represented by formula [XI] below. 
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R22 p?, pes p,, 

R 0^ i ^0 R» 



2Met 



••[IX] 



75 



20 



26 



• 4Met 



[X] 



50 
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o n D25 



p27 

p26 



o 



Met 



A* 



[XI] 



55 



40 



45 



in formulas (IX], [X] and [XI]. r2\ R^s, r23, r24 r25 p26 p27 p28 independently represent a hydrogen, a hal- 
ogen, a nitro group, an aikyt or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having 



nuclear substitution, an aralkyi group having or not having nuclear substitution, -S02N(R^^)2 (the two R*^ groups, 
whether identical or not, represent a hydrogen, a lower alky! group, an aryl group having or not having nudear sub- 
stitution, or an aralkyi group having or not having nuclear substitution). -N(R^°)2 (the two R*^ groups, whether iden- 
tical or not, represent a hydrogen, a lower aJkyI group, an aryl group having or not having nuclear substrtution, an 
aralkyi group having or not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydro- 
gen, a lower alkyi group, an aryl group having or not having nuclear substitution, or an aralkyi group having or not 
having nuclear substitution): 2 or more of R^^ through R^^ may bind together to form an aromatic or aliphatic ring; 
Met represents a metal atom; and in formula [XI], A*^ represents a cation. 



50 



55 



19. A powdery paint for electrostatic painting comprising a resin and a monoazo metal compound as charge enhancer 
represented by the formula [i] below. 



D3(Met)2 



[I] 



wherein D represents a ligand based on a monoazo compound having 2 metallizable -OH groups represented by 
formula [11] or [III] below, Met represents a metal atom, and the 3 molecules of D are coordinated to the 2 atoms of 
Met. 
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^-^-f^='^-<P>-R' •••.[11] 



TO 

wherein R\ R^, R^, R^, r^, R^. R^, R^, R^ and R^° independently represent a hydrogen, a halogen, a nitro group, 
an alkyl or haloalkyi group having 1 to 20 cartxsn atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -S02N(R^ (the two R^^ groups, whether identical or not. 
represerrt a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyi 
IS group having or not having nuclear substitution). -N{R^^)2 (the two R"*^ groups, whether identical or not, represent 
a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl group), or -CONH(R^^) (R''^ represents a hydrogen, a lower alkyl group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^ through R^** may bind together to form an aromatic or aliphatic ring. 



20 



R'KQ)"'^ - N-fe^ R^^ ••••till] 



R'' OH HO R 



wherein r2\ R^^, R^^, R^^, R^^. R^^^ r27 p28 independently represent a hydrogen, a halogen, a nitro group. 

30 an alkyl or hakDalkyI group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution. •S02N(R2^2 (the two R^ groups, whether identical or not. 
represent a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, or an aralkyi 
group having or not having nuclear substitution), -N(R^°)2 (the two R^° groups, whether identical or not. represent 
a hydrogen, a lower alkyl group, an aryl group having or not having nuclear substitution, an aralkyi group having or 

35 not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyl group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu* 
tion); 2 or more of R^^ through R^® may bind together to form an aromatic or aliphatic ring. 

20, A powdery paint for electrostatic painting comprising a resin arxi a monoazo metal compound as charge enhancer 
40 represented by the formula [iV] below. 

06(Met)4 [IV] 

wherein D represents a ligand based on a monoazo compound having 2 metallizable -OH groups represented by 
45 formula (11] or [III] below. Met represents a metal atom, and the 5 molecules of D are coordinated to the 4 atoms of 
Met. 



so 



55 



R 

'^'""^^N = N-(0>-R^ 



HO 



[II] 



wherein R^ R^, R^, r* r5^ r6 r7^ pS p|9 pio independently represent a hydrogen, a halogen, a nitro group, 
an alkyl or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution, -S02N(R^^)2 (the two R^^ groups, whether identical or not. 
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represent a hydrogen, a lower alkyi group, an aryl group having or not having nuclear substitution, or an aralKyI 
group having or not having nuclear substitution), -N(R^2)2 (the two R^^ groups, whether identical or not. represent 
a hydrogen, a lower alky! group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydrogen, a lower alkyi group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of through R^^ niay bind together to form an aromatic or aliphatic ring. 



R22 p28 

R''-^^N = N-^^R'' ••••[III] 
R'' OH HO 



75 

wherein R^^ r22, r23^ r24^ 1^25^ p26^ p27 p28 ipjgpgpijjQj^^iy represent a hydrogen, a halogen, a nitro group, 
an alkyi or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having nuclear substitution, an 
aralkyi group having or not having nuclear substitution. •S02N(R^^)2 (the two R^ groups, whether identical or not, 
represent a hydrogen, a lower alkyi group, an aryl group having or not having nuclear substitution, or an aralkyi 
20 group having or not having nuclear substitution). -N(R^°)2 (the two R^^ groups, whether identical or not. represent 
a hydrogen, a lower alkyi group, an aryl group having or not having nuclear substitution, an aralkyi group having or 
not having nuclear substitution, or an acyl group), or -CONH{R^^) (R^^ represents a hydrogen, a lower alkyi group, 
an aryl group having or not having nuclear substitution, or an aralkyi group having or not having nuclear substitu- 
tion); 2 or more of R^^ through R^^ may bind together to form an aromatic or aliphatw ring. 

25 

21. A powdery paint for electrostatic painting comprising a resin and a composition as charge enhancer comprising 2 
or 3 monoazo metal compounds selected from the group consisting of monoazo metal compourtds represented by 
formula [VI] below, monoazo metal compounds represented by formula [Vil] below, arxj monoazo metal com- 
pounds represented by formula [VIM] below. 

30 



35 



AO 



45 



50 



55 



XXID: <EP 0769530A2J_> 



31 



EP0 769 530 A2 



5 



10 



15 



20 



25, 



30 




in formulas [VI]. [VIIJ and [Vlll], R\ R^. R^, R^. R^, R^. R^. R®, R^ and R^° independently represent a hydrogen, a 
halogen, a nitro group, an alkyi or haloalkyi group having 1 to 20 carbon atoms, an aryl group having or not having 

35 nuclear substitution, an aralkyi group having or not having nuclear substitution. -S02N(R'''')2 (the two R^^ groups, 
whether identical or not, represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear sub- 
stitution, or an aralkyi group having or not having nuclear substitution). -N(R^^)2 (the two R*"^ groups, whether iden- 
tical or not, represent a hydrogen, a lower alkyI group, an aryl group having or not having nudear substitution, an 
aralkyi group having or not having nuclear substitution, or an acyl group), or -CONH(R^^) (R^^ represents a hydro- 

40 gen. a tower alkyI group, an aryl group having or not having nudear substitution, or an aralkyi group having or not 
having nudear substitution); 2 or more of through R^^ may bind together to form an aromatic or aliphatic ring: 
Met represents a metal atom: and in formula [Vlll]. represents a cation. 

22. A powdery paint for electrostatic painting comprising a resin arxJ a composition as charge enhancer comprising 2 
45 or 3 monoazo metal compounds selected from the group consisting of monoazo metal compounds represented by 
formula (IX] below, monoazo metal compourKJs represented by formula [X] below, and monoazo metal compounds 
represented by formula [XI] below. 
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in formulas [IX], [X] and pCI]. R^^ r23. r2^ r25 r26 p^27 p28 independently represent a hydrogen, a hal- 
ogen, a nrtro group, an alkyi or haloalkyi group having 1 to 20 carbon atoms, an aryt group having or not having 

35 nuclear substitution, an aralkyi group having or not having nuclear substitution, -S02N{R2^2 (t^® two groups, 
whether Identical or not. represent a hydrogen, a lower alkyI group, an aryl group having or not having nudear sub- 
stitution, or an aralkyi group having or not having nuclear substitution), •N(R^^)2 (the two R^ groups, whether iden- 
tical or not. represent a hydrogen, a lower alkyI group, an aryl group having or not having nuclear sul^stitution. an 
aralkyi group having or not having nudear substitution, or an acyl group), or -CONH(R^^) {R^^ represents a hydro- 

40 gen, a lower alkyI group, an aryl group having or not having nuclear sUDStitution, or an aralkyi group having or not 
having nuclear substitution); 2 or nfK>re of R^^ through R^® may bind together to form an aronnatic or aliphatic ring; 
Met represents a metal atom; and in formula [XI]. A**^ represents a cation. 
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Fig. 1 
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Fig, 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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D3(Met)2 
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D is a ligand based on a monoazo compound of formula [II] or {III], Met is a metal atom, and the 3 molecules of D are 
coordinated to the 2 atoms of Met. 



CO 
< 

o 

CO 

in 

o 
a 

LU 



30CID: <EP 0769530A3_I .> 



Prinitdby Rank Xerot (UK) Business Services 

2 u.12/3 4 (Com. next page) 



EP 0 769 530 A3 



R' R 

R'-^>-N = N-(0>R* 

'R» 



HO 



[11] 



J22 



}28 



""oh 



HO R» 



[III] 



R^-R^°. and R^'-R^S jg H. halogen, nitro. alky) or haloalkyl. aryl. aralkyl. -S02N(R^^)2 (R^^ is H. aJkyl. aryl. aralkyl. • 
N(R'^2 (R^^ is H, lower alkyl. ary'. aralkyl. acyl). -C0NH(R") (ri3 h, a lower alkyl. aryl, aralkyl); 2 or more of R^- 
- R^" and/or R^^-R^ may bind together to form an aromatic or aliphatic ring. 
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